Abstract Chaetognaths are ubiquitous marine zooplankton strongly influenced by oceanographic conditions. Epi-pelagic plankton samples taken across the Leeuwin Current system, the poleward flowing eastern boundary current of the Indian Ocean, were examined for chaetognath diversity and distribution. Sampling occurred at shelf, shelf break, and oceanic environments at each degree of latitude from 22 to 34°S. Nineteen species were identified, of which six are new records for the region with one an undescribed species. Low-moderate abundances (19.0 ± 2.4 individuals m -3 ) were observed compared with other eastern boundary currents and can be attributed to the unique oligotrophic nature of the system. The anomalous oceanography of the Leeuwin Current resulted in two distinct zoogeographic regions with distributions of tropical and temperate species separated around 28°S.
Introduction
Chaetognaths (Phylum Chaetognatha) are mesozooplankton common to all regions of the world's oceans. They are an abundant constituent of marine communities and often contribute a significant proportion of total plankton biomass. Their global biomass, for instance, is roughly estimated to be between 10 and 30% that of copepods (Bone et al., 1991) . They are voracious predators and, although they prey largely on copepods, they also feed across other trophic levels (Bone et al., 1991) . These characteristics make chaetognaths a globally important component in the
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Like other plankton, the distribution of chaetognaths is strongly influenced by oceanography and previous studies have observed strong coupling of chaetognath species to specific water masses (Fraser, 1939; Bieri, 1959; Ulloa et al., 2004) . Other species of chaetognaths, termed 'cosmopolitan', demonstrate greater thermohaline tolerances and may inhabit entire ocean basins across many degrees of latitude (PierrotBults & Nair, 1991) . However, those species with strong hydrological associations are useful biological tracers for understanding regional oceanographic patterns (Russell, 1939; Resgalla Jr., 2008) . In a multi-decadal study using changes in chaetognath communities, Rebstock & Kang (2003) alluded to a climate regime shift in the hydrology and productivity of seas surrounding the Korean Peninsula. Understanding changes in chaetognath communities can therefore provide unique insights into underlying oceanographic patterns.
The Leeuwin Current is the Indian Ocean's anomalous eastern boundary current, extending from the tropics to the temperate zone off the western seaboard of the Australian continent (Cresswell & Golding, 1980) . Unlike other eastern boundary currents, its flow is poleward, generated from a meridional pressure gradient as tropical water flows into the Indian Ocean from the Indonesian Through-Flow . In its lower latitudes, the Leeuwin Current exists as a shallow and broad expanse of warm and fresh Tropical Surface Water (TSW) and transitions rapidly into a narrower, deeper, faster and denser current at approximately 28-29°S (Weller et al., 2011) . The modification of the Leeuwin Current at this point and thereafter largely occurs via intrusion of cooler and more saline Subtropical Surface Water (STSW) from the eastern Indian Ocean (Weller et al., 2011; Menezes et al., 2014) .
The poleward transport of tropical water exerts a strong influence on the marine communities of the southeast Indian Ocean. A direct effect is the conveyance of tropical species into more temperate areas (Maxwell & Cresswell, 1981; Hutchins & Pearce, 1994 , Holliday et al., 2012 . Southward transport of tropical communities is particularly relevant for the current study, as sampling took place during the autumn/winter when flow velocities are greatest (Ridgway & Condie, 2004; Lourey et al., 2006; Weller et al., 2011) . The same poleward flow is also responsible for suppressing the Ekman-driven upwelling that would normally be present in an eastern boundary current, which creates an oligotrophic system off the West Australian seaboard (Hanson et al., 2005) . Additionally, the strong surface shear created by the poleward current flowing against prevailing equatorward winds generates the greatest eddy kinetic energy of all mid-latitude eastern boundary currents (Feng et al., 2005; Waite et al., 2007) and leads to the frequent production of meanders and eddies. These perform an important role in the crossshelf exchange of nutrients and biota between neritic and oligotrophic offshore environments Beckley et al., 2009; Holliday et al., 2011 Holliday et al., , 2012 Lourey et al., 2013; Paterson et al., 2013) .
A few studies have examined chaetognaths within parts of the Leeuwin Current system (van RitterZáhony, 1910; Thomson, 1948; Alvarino, 1964; Gaughan & Fletcher, 1997; Gaughan et al., 2009) and 13 species have been recorded. Additionally, three studies have commented on total concentrations of chaetognaths in the region (Legand, 1969; Strzelecki et al., 2007; Säwström et al., 2014) , and all reported high abundances relative to other zooplankton. Recent interest in the chaetognaths of the Leeuwin Current system has occurred because planktonic phyllosoma of the Western Rock Lobster (Panulirus Cygnus George) appear to prefer chaetognaths as prey items (Saunders et al., 2012) . As the Rock Lobster supports a valuable fishery (Reid et al., 2013) , a greater understanding of the chaetognath community is of interest.
Examinations of chaetognaths that encompass the length and breadth of major ocean currents are scarce and, to date, there has been no study encompassing the Leeuwin Current system. A broad-scale oceanographic survey of the Leeuwin Current system completed during the austral autumn of 2007 (Weller et al., 2011) included hydrographic and planktonic sampling (Holliday et al., 2012) and enabled the chaetognaths to be investigated. The aims of this study were to document the chaetognath community from 22 to 34°S offshore of Western Australia and to gain insights into the unique oceanography of the region via an analysis of chaetognaths as biological tracers.
Materials and methods

Sample collection
The Leeuwin Current system was studied from the RV Southern Surveyor in the late austral autumn of 2007. A total of 13 cross-shelf transects, one at each degree of latitude from Cape Leeuwin (34°S) to Northwest Cape (22°S), were sampled at shelf (50-100 m depth), shelf break (200-300 m depth) and oceanic stations (1000-2000 m depth). Epi-pelagic zooplankton sampling followed a suite of oceanographic measurements that included conductivity, temperature, depth, oxygen (Weller et al., 2011) and nutrient profiling .
Zooplankton samples were collected using paired bongo nets (100 and 355 lm meshes; 0.5 m diameter). Nets were towed obliquely at *2 knots for *15 min from a depth of 150 m, or shallower on the shelf. It should be noted that because of the slow speed of towing, the chaetognath community presented in this study may not be entirely representative because mature specimens and those with stronger swimming capabilities may have avoided capture. Due to the logistical constraints of a long voyage, sampling stations were occupied sequentially during both night and day. A mechanical General Oceanics flowmeter positioned in the centre of each net allowed the total volume of water filtered to be calculated. Both water volume and the profile of the plankton tow were monitored from the ship via an electronic interface. Zooplankton was preserved in a 5% buffered formalin solution upon retrieval. In total, 45 samples of zooplankton from the 355 lm net were examined for chaetognaths across the study area.
Sample processing
Using a Folsom splitter, and depending on sample size, either 25 or 50% of each zooplankton sample was sorted for chaetognaths. Chaetognaths were separated under a dissecting microscope and identified to species under a compound light microscope (C100x) using a variety of available literature (Burfield & Harvey, 1926; Tokioka, 1940; Thomson, 1947; Taw, 1975; O'Sullivan, 1983; Conway, 2003) and online resources (Pierrot-Bults, 2004; Theusen, 2009) . Specimens from the genus Decipisagitta Bieri and juveniles from the genus Serratosagitta Tokioka could not be identified to species level with confidence. Serratosagitta juveniles were counted separately and allocated to a Serratosagitta species based on the proportions of adults within the sample.
Concentration of chaetognaths (individuals. m -3 ) was used in analyses because of its frequent use in other chaetognath studies. Concentration data were imported into ArcGIS 10.1 for preparation of distribution maps.
Environmental observations
Matching physical and chemical oceanographic data were obtained from the 2007 Leeuwin Current oceanographic survey Weller et al., 2011) . Vertical profiles of temperature (°C), salinity (psu), dissolved oxygen (lM kg -1 ), fluorescence (mV), turbidity (% transmission), nitrate ? nitrite (lM), phosphate (lM) and silicate (lM) were analysed for stations where zooplankton was sampled. In addition, high-resolution geostrophic current and sea surface temperature (SST) imagery, sourced from the Australian Integrated Marine Observing System (IMOS, 2013), were collated to provide insight into meso-scale variability during the survey.
Statistical analyses
Analyses of chaetognath concentrations were performed using the PRIMER v6 multivariate statistics package (Clarke & Gorley, 2006) with the PERMA-NOVA? add-on module (Anderson et al., 2008) to test the influence of a priori geographic regions (22-25, 26-28, 29-31 and 32-34°S) and isobaths (shelf, shelf break and oceanic). Samples from transects were grouped into four regions, as evenly balanced as possible and without prior assumptions from oceanographic patterns, due to lack of replication at each station. The data were fourth root transformed following diagnostic investigation according to Clarke and Warwick (2001) and a Bray-Curtis resemblance matrix was constructed. Two-factor permutational analyses of variance (PERMANOVA) were used to determine if significant differences existed between isobath and geographic region and to investigate if an interaction effect existed. Additionally, a two-way crossed analysis of similarity (ANOSIM) was used to investigate within factor differences.
A number of supplementary analyses were undertaken to investigate finer-scale variation in chaetognath communities. An assessment of between station similarities was conducted by constructing a nonmetric multidimensional scaling (nMDS) plot accompanied by an analysis of group similarities. To find which species were responsible for community differences across both isobath and region, a two-way crossed similarity percentage routine (SIMPER) was undertaken. Finally, a biota and environment matching routine (BIOENV) (Clarke & Ainsworth, 2003) was performed to test for significant correlations between community structure and a variety of environmental variables. Variables examined were temperature (°C), salinity (psu), dissolved oxygen (lM kg -1 ), fluorescence (mV), turbidity (% transmission), nitrate ? nitrite (lM), phosphate (lM) and silicate (lM) of the mixed-layer Weller et al., 2011) . The water temperature of the mixed layer represented both salinity and dissolved oxygen in the analysis because of their strong linear relationship (R [ 0.94), which was revealed through distance-based linear model analysis (McArdle & Anderson, 2001) .
Results
Oceanography
The Leeuwin Current was well developed during the study period and, over the extent of the study area (22-34°S), a reduction in surface water temperature of 5.25°C and an increase in salinity of 0.72 psu were recorded (Weller et al., 2011) (Fig. 1a) . The northern Sect. (22-25°S), composed of Tropical Surface Water ([24°C, \35.4 psu), was clearly separated from the southern section (*30-34°S), heavily influenced by cooler and saltier Subtropical Surface Water (\22°C, [35.6 psu). A transition zone of strong mixing existed in the latitudes of 26-29°S between the northern and southern sections as intrusions of STSW occurred, in which surface temperatures and salinity typically ranged between 22-24°C and 35.4-35.6 psu, respectively. In these latitudes, both shelf and oceanic stations became cooler and saltier than shelf break stations, as the Leeuwin Current became more restricted to the shelf break. Northern and southern sections did not display these isobathic changes in water temperature and salinity. Conditions over the shelf throughout the survey were well mixed, while the majority of both shelf break and oceanic stations displayed some form of stratification, with shallower mixed layers in the north because of the shallow cap of TSW.
Some individual stations exhibited different water column properties. The shelf station in proximity to Shark Bay (25°S) was atypical, with cooler (*0.5°C) and saltier (*0.05 psu) water (Fig. 1b) than that found at the 26°S shelf station (Fig. 1c) . SST, surface salinity ( Fig. 1a ) and vertical profiles (Fig. 1d ) of the oceanic station at 28°S indicated an intrusion of oceanic STSW. Meanwhile, warmer and fresher Leeuwin Current water was evident at the shelf break at 28°S (Fig. 1e ). Further south, vertical profiles and SST measurements at oceanic stations 29°S ( Fig. 1f ) and 30°S ( Fig. 1g ) both indicated a surface presence of TSW. The deep mixed layer at 30°S was indicative of an offshore meander, while the shallow mixed layer at 29°S suggested a thin surface layer of Leeuwin Current water.
Chaetognath diversity and concentrations
A total of 38,183 chaetognaths were counted and identified, representing 19 species from 12 genera. There was an estimated total of 133,890 individuals in all 45 samples. Flaccisagittaenflata(Grassi) was the most abundant and dominant species, comprising 64.7% of all chaetognaths examined. Other abundant species were Pterosagitta draco(Krohn) (6.9%), Mesosagitta minima (Grassi) (6.5%), Serratosagitta pacifica (Tokioka) (3.6%), Aidanosagitta regularis(Aida) (3.5%) and Serratosagitta serratodentata(Krohn) (2.7%). Together with F. enflata, these species comprised 88% of all chaetognaths examined. Distribution maps and concentrations (ind. m -3 ) are presented in Fig. 2a -f. Of these species, only M. minima and S. serratodentatawere not widely distributed across the study area and showed a more temperate distribution pattern.
Mean concentrations (ind.m -3 ) and relative abundances (%) of species for isobath and a priori geographic regions are summarised in Table 1 . Total chaetognath concentrations (Fig. 3a) across all stations averaged 19.0 ± 2.4 ind. m -3 and ranged from 2.3 to 72.2 ind.m -3 . Concentrations were typically greatest over the West Australian shelf (x ± SE = 28.9 ± 4.4 ind.m -3 , n = 70,694). Shelf break and oceanic stations registered lower mean concentrations of 14.4 ± 3.2 (n = 35,057) and 10.6 ± 2.4 ind.m -3 (n = 28,139), respectively (Fig. 3b) . Generally, concentrations declined with increasing isobath. The two exceptions were transects at 23°S, which showed greater concentrations with increasing isobath, and 30°S, where all stations exhibited *40 ind. m -3 . Application of PERMANOVA to species concentrations revealed that the community composition changed significantly with both region and isobath (Table 2) . Region, however, explained the greater proportion of variability (CV = 162.43) with post hoc differences from ANOSIM evident (Global R = 0.431, P = 0.001). Only the northern regions, 22-25 and 26-28°S, registered a significant dissimilarity (R = 0.16, P = 0.104). Within isobath (Global R = 0.164, P = 0.014), only shelf and oceanic stations showed a significant difference (R = 0.356, P = 0.005) as shelf break stations were not dissimilar to shelf and oceanic communities (Fig. 3b ). An interaction effect between region and isobath was not significant. The high residual CV of 222.81 indicated that a large proportion of variability in the chaetognath communities was not explained by isobath or geographic region.
Chaetognath communities
The nMDS analysis not only revealed high community similarity across the system but also a distinction between northern and southern chaetognath communities around 28°S (Fig. 4) . Northern stations from 22 to 27/28°S grouped to form a major tropical community mostly composed of shelf break (23-28°S) and oceanic (22-27°S) stations, but also included two shelf stations at 24°S and 26°S. Oceanic and shelf stations at 28°S, together with all stations from 29 to 34°S, formed the temperate community. However, dissimilarity between these temperate and tropical communities was low, with no two stations more than *25% dissimilar. The shelf stations of the north (22, 23, 25, and 27°S ) and the shelf break station at 22°S were the only communities to show large dissimilarities (C35%). These communities were clearly different to the major tropical community found at shelf break and oceanic stations from 22 to 27/28°S. The station most dissimilar to all others (*45%) was the shelf community at 23°S, which had low chaetognath diversity and abundance with the zooplankton dominated by salps. All pairwise tests of dissimilarity between a priori geographic regions (Table 3 ) delivered significant differences, except for those between 22-25 and 26-28°S. The strongest regional dissimilarity of 32.83%, observed between 22-25 and 32-34°S, was The maximum concentration and relative abundance of species that were identified as driving community change between isobathic and geographic groups (as per SIMPER analysis) are highlighted in bold *New records of species for the region ) of chaetognaths across isobath. Significant community differences between isobath, as generated by the ANOSIM, are indicated by a difference in letter, where 'A' is significantly different from 'B' driven by the temperate species, S. serratodentata and M. minima, and the tropical species, Aidanosagittaneglecta (Aida) and Krohnittapacifica (Aida). Varying combinations of these species were major contributors to differences between other groups. Concentrations of Zonosagittapulchra (Doncaster) and Ferosagittaferox (Doncaster), species of moderate tropical affinity, provided weaker contributions to variation between chaetognath communities. Changes in F. enflata concentrations also had an effect on community differences between regions, although its influence was often less than species with temperate and tropical affinities. The two groups with the least dissimilarity (16.77%), 29-31 and 32-34°S, were significant in their difference (P = 0.038) because of increased F. enflata dominance exceeding 90% at the 29 and 30°S shelf stations. Similar magnitudes of dominance of F. enflata in the neritic In addition to temperate/tropical species and the ubiquitous F. enflata, an undescribed species of Serratosagitta and Zonosagittabedoti (Beraneck) were of moderate influence to regional variation (Table 3) . The undescribed species appeared to occur in greater concentrations in the northern regions, especially between 26 and 28°S (x ? SE = 0.41 ± 0.25 ind. m -3 , n = 544), although it exhibited strong variability between, and within, latitudes. In comparing the regional concentrations of Z. bedoti, an affinity for the centre of the survey region (26-31°S, x ? SE = 0.42 ± 0.16 m -3 , n = 1526) was apparent. Consequently, the distributions of both species were influential in the dissimilarity observed between northern stations 29-31 and 32-34°S.
With regard to community change related to isobath, F. enflata was the main driver of the difference (Table 4) . Four times the concentrations of F. enflata were found on the shelf (x ? SE = 20.0 ± 4.7 ind. m -3 , n = 51,834) than in oceanic stations (x ? SE = 5.0 ± 1.8 ind. m -3 , n = 12,510). Other influential species, in descending order of influence, include the undescribed Serratosagitta species, Pseudosagittalyra (Krohn), Z. bedoti and Z. pulchra. All of these species had greater proportional presence at stations in the oceanic environment.
Environmental drivers BIOENV analysis (Table 5) revealed that chaetognath communities were most influenced by the temperature, salinity and dissolved oxygen of the mixed layer (R = 0.416), which were strongly correlated to each pacifica; A. regularis; F. hexaptera 29-31°S R = 0.574, P \ 0.001*;
AvDiss. = 29.76%; S. serratodentata [29-31°S] ; M. minima [29-31°S] ; K. pacifica [22-25°S] ;
F. enflata [29-31°S] ; Z. pulchra AvDiss. = 21.75%;
Z. pulchra [26-28°S] ;
M. minima [29-31°S] ;
S. serratodentata [29-31°S] ;
F. enflata [29-31°S] ; S. sp. nov. [26-28°S] AvDiss. = 24.48%;
F. enflata; P. draco; M. minima; S. pacifica; A. regularis 32-34°S R = 0.728, P \ 0.001*;
AvDiss. = 32.83%; S. serratodentata [32-34°S] ;
M. minima [32-34°S] ; K. pacifica [22-25°S] ;
A. neglecta [22-25°S] ; F. enflata AvDiss. = 22.39%; M. minima [32-34°S] ;
S. serratodenata [32-34°S] ;
F. enflata [26-28°S] ;
F. ferox AvDiss. = 16.77%; F. enflata [29-31°S] ; S. sp. nov. [32-34°S] ;
A. neglecta [29-31°S] ;
F. ferox [29-31°S] ;
Z. bedoti other (R = 0.94) across all stations. In addition to these variables, communities were weakly correlated with turbidity (R = 0.262), silicate (R = 0.196), fluorescence (R = 0.157) and phosphate (R = 0.120), but no trends could be identified relating these correlations to chaetognath communities.
Discussion
Nineteen species of chaetognaths were found to inhabit the Leeuwin Current system in the late austral autumn of 2007. Previous studies of chaetognaths in West Australian shelf waters (Ritter-Záhony, 1910; Thomson, 1948; Alvarino, 1964; Gaughan & Fletcher, 1997; Gaughan et al., 2009 ) have documented 13 species and all were found in this study. All species, excluding the undescribed Serratosagittasp. and Eukrohniaflaccicoeca Casanova, have been reported from surveys in other regions of the Indian Ocean (Burfield & Harvey, 1926; Tokioka, 1956; Alvarino, 1964; Stone, 1969; Silas & Srinivasan, 1970; Andreu et al., 1989; Nair et al., 2002; Nair & Gireesh, 2010) as well as from eastern Australian waters (Thomson, 1947; Sheard, 1964) . The current study recognised an undescribed species of Serratosagitta. This species was of low abundance but found across the study area and its absence from existing descriptions of chaetognath species is likely because of its physical similarity with Mesosagitta minima. Although it was found at many stations, a large number of specimens were found over the shelf at 26°S. This may be explained by the presence of a Leeuwin Current meander and strong onshore transport in the area (24-27°S) that may have caused transport of oceanic water onto the shelf (Weller et al., 2011) .
Five other chaetognaths, Aidanosagittaneglecta, Krohnittapacifica, Serratosagittapacifica, Decipisagittasp., and E. flaccicoec, are present new records AvDiss. = 16.18%;
F. enflata; P. draco; A. regularis; S. pacifica; F. hexaptera; Oceanic R = 0.356, P = 0.005*;
AvDiss. = 23.63%; F. enflata [S] ; S. sp. nov. [O] ; P. lyra [O] ; Z. bedoti [S] ; Z. pulchra 
) in indicated brackets
Significance is indicated by an asterisk AvDiss. average dissimilarity, S shelf, B shelf break, O oceanic for the region. A. neglecta and K. pacifica are tropical inhabitants of the Indo-Pacific (Alvarino, 1964; Sheard, 1964; Nair & Gireesh 2010; Noblezada & Campos, 2012) and the clear increase in abundance at the most northerly stations (22°S) would be as expected. S. pacifica, another warm water inhabitant (Alvarino, 1964; Nair & Gireesh, 2010; Noblezada & Campos, 2012) , varied in concentration across the study area, although numbers declined in southern latitudes (32-34°S). An absence of previous records for S. pacifica is likely due to the difficulty associated with distinguishing it from Serratosagitta serratodentata. Only seven specimens of Decipisagitta sp. were recorded and most were taken from oceanic stations, suggesting incursions into the epi-pelagic zone by this mesopelagicgenus (Alvarino, 1964) . Just one specimen of E. flaccicoeca, a bathypelagic species known from the South Atlantic and Pacific Oceans (Casanova, 1991; Bohata & Koppelmann, 2013) , was found. This is the first record of this species within the Indian Ocean. This specimen was collected over the shelf at 26°S where the strong onshore transport previously discussed was located. The substantial area under survey, which provided benchmark information on geographic ranges of species and new species records, also provided novel insights into the zoogeography of the region. A latitudinal change was apparent between the north and south of the Leeuwin Current system with a distinct separation of tropical and temperate communities around 28°S. Tropical species, such as A. neglecta and K. pacifica, did not extend south of this transition and temperate species, such as S. serratodentata and M. minima, were not found further north. Considering that chaetognaths have been, and continue to be, used as biological indicators of oceanographic conditions (Russel, 1939; Rebstock & Kang, 2003; Resgalla, 2008) , it follows that these community trends are indicative of the prevailing oceanography. An investigation of the physical oceanography of the region revealed that this community separation coincides more or less exactly with a strong and rapid transition from TSW to STSW between 28 and 29°S, as reported by Weller et al. (2011) . Previous planktonic investigations have also shown latitudinal change in the Leeuwin Current (Holliday et al., 2012; Lourey et al., 2013 ). Säwströmet al. (2014 presented total chaetognath, krill, salp and siphonophore abundances in longitudinal transects from 28 to 32°S in a depth-stratified sampling regime. They identified two water masses, TSW and STSW, as highly influential to sub-regional patterns of zooplankton abundance. In taking a broader view of the south-east Indian Ocean, a number of pelagic biogeographic provinces, which are demarcated according to physical oceanographic characteristics, exist off the Western Australian seaboard (Lyne & Hayes, 2005) . For both the 0-50 m and 800-1000 m depth ranges, bioregional changes are observed at roughly the same latitude as found in the current study. Therefore, at roughly 28°S, the Leeuwin Current, chaetognath communities and, by extension, the greater marine epi-pelagic community undergo a strong latitudinal transition.
The sensitivity of the chaetognath community to oceanographic conditions was further exemplified by a number of between station differences. A stark difference observed between the oceanic and shelf break communities at 28°S, for instance, further illustrated both community sensitivity to environmental conditions and the tropical-temperate divide. There, the oceanic station contained high abundances of temperate species while the shelf break station had a tropical community. An analysis of vertical profiles and satellite imagery showed different water mass signatures at each station, with the strong presence of STSW in the offshore station and TSW positioned over the shelf break. In the north, shelf stations exhibited unique communities. Shelf stations at 23, 25 and 27°S were located within high retention zones somewhat protected from Leeuwin Current flow (Feng et al., 2010) , and were cooler and more saline than the shelf stations at 24°S and 26°S, which were located in low retention areas where the Leeuwin Current and offshore waters have greater influence. Consequently, those in high retention areas were characterised by an extraordinary dominance of Flaccisagittaenflata (C90%), a strong representation of tropical species and an exclusion of oceanic species. Previous research has identified a preference of F. enflata for more saline (Nair & Selvakumar, 1979) and stable environments away from strong mixing events (Ulloa et al., 2004) . This was especially apparent at 25°S, which was directly influenced by cooler and saltier water flowing out of Shark Bay during winter (Nahas et al., 2005) . This station subsequently had the greatest relative abundance of F. enflata (96.6%) recorded across the survey. In contrast, the 24 and 26°S shelf communities had greater representations of oceanic species and were less dominated by F. enflata. This further demonstrates the strong influence of oceanographic conditions, specifically thermohaline signatures, in affecting chaetognath communities.
To test the relationship between chaetognath community and oceanographic conditions, especially in consideration of both the latitudinal and between station variations so far discussed, the BIOENV routine was run. This analysis revealed mixed layer temperature, salinity and dissolved oxygen as providing the greatest single variable correlation (R = 0.416) with community change. Although oxygen was found to be correlated, previous studies have only detected chaetognath sensitivities to oxygen concentrations at levels well below those experienced during the epi-pelagic sampling of this study (Giesecke & González, 2004; Bohata & Koppelmann, 2013) . In contrast, temperature and salinity are known to be highly influential to chaetognaths (Fowler, 1906; Fraser, 1939; Ulloa et al., 2004; Pierrot-Bults, 2008) . Also, latitudinal community change concerning chaetognaths is not uncommon and has been documented in other poleward flowing currents (Andreu et al., 1989; Rebstock & Kang, 2003) , including the East Australian Current (Thomson, 1947; Sheard, 1964) , and this study provides further support of these relationships.
Total mean concentrations of chaetognaths were 19 ind. m -3 and ranged from 2.3 to 72.2 ind. m -3 . Abundances such as these are low-moderate compared to many other investigations of chaetognaths but are similar to those of other oligotrophic, open ocean environments (Gallienne et al., 2004; Batistić et al., 2007; Nair & Gireesh, 2010 ) of chaetognaths are typically observed in more productive waters, such as in areas of upwelling and riverine input (Gallienne et al., 2004; Noblezada & Campos, 2012) . The Leeuwin Current system is described as oligotrophic (Hanson et al., 2005) and the results of this study reflect this character. Furthermore, the concentrations reported in this study are strikingly similar to those reported by Säwström et al. (2014) , who included Leeuwin Current chaetognath concentrations from 28 to 31°S in their study of the prey field for phyllosoma larvae.
The low-moderate concentrations of chaetognaths in the Leeuwin Current System were accompanied by an inshore-offshore decline in chaetognath concentrations. Oceanic stations registered the lowest average of 10.6 ind. m -3 , while greater numbers (x = 28.9 ind. m -3 ) were found over the shelf where waters are more productive (Lourey et al., 2013) . Greater abundances over the shelf may explain why turbidity, which is naturally greater in shallower environments, was weakly influential to chaetognaths distributions (R = 0.262). Similar inshore-offshore declines have been described in previous studies that span shelf to offshore environments (Duró & Saiz, 2000; Rebstock & Kang, 2003) . In the Leeuwin Current system, the inshore-offshore concentration gradient was primarily driven by F.enflata, which is clearly the dominant species , and accounted for 64.7% of all specimens in this study. This species showed a strong affinity for West Australian shelf waters, with greater overall shelf concentrations similar to those observed at 31.5°S during peak Leeuwin Current flow .
Despite the existence of latitudinal, inter-station and isobathic change, dissimilarities between all stations (22-34°S) were generally low. This was driven by a number of species present in all or the majority of communities, namely, the cosmopolitan Pterosagittadraco, Flaccisagittahexaptera (d'Orbigny), Sagittabipunctata Quoy & Gaimard and Krohnittasubtilis (Grassi), and the Indo-Pacific A. regularis, Ferosagittarobusta (Doncaster) and S.pacifica. The Indo-Pacific species are associated with warm tropical waters (Alvarino, 1964; Pierrot-Bults & Nair, 1991; Mathew, 2000; Nair & Gireesh, 2010 ) and yet did not show any discernable north-south gradient. Chaetognaths are holoplanktonic animals and many species display exceptionally large, often global, oceanic distributions (Pierrot-Bults & Nair, 1991). As such, high similarities across the system were to be expected. Similarity across the system may even be enhanced during peak Leeuwin Current flow as warm water and its species are transported further south. However, to test this hypothesis, the effect of season would need to be included at a similar spatial scale to the current study.
Conclusion
This study represents the first broad-scale account of the diversity, distribution and abundance of chaetognaths across the Leeuwin Current system. Nineteen species were found to inhabit epi-pelagic waters of the region, which represents an addition of six new species records. Of the six new records, three are known warm water species from the Indo-Pacific, two are deep water species and one undescribed species of Serratosagitta. Although the region was found to be reasonably diverse, the epi-pelagic chaetognath community of the Leeuwin Current system was dominated by a single, large species Flaccisagittaenflata, which accounted for well over half of all specimens. In a global context, the system supported low-moderate abundances of chaetognaths, which reflects the oligotrophic nature of the system. Investigating the distributions and abundances of chaetognaths in the Leeuwin Current system revealed two major zoogeographic regions. Distinct tropical and temperate communities were sharply separated roughly midway along the West Australian continental shelf (*28°S) and coincided with strong structural change in the Leeuwin Current. As such, the unique oceanography of the Leeuwin Current appears to create two distinct zoogeographic regions for epipelagic communities in the Southeast Indian Ocean.
It should be noted that although spatial differences were observed, a large part of community variance could not be explained. Further studies may be able to elucidate additional parameters of influence by including more biological variables (e.g. copepod prey abundance) and adopting a replicated, depth-stratified sampling regime to incorporate the effects of vertical distribution patterns. Nevertheless, this study fills a significant knowledge gap concerning chaetognath abundances, distributions and the oceanographic variables influencing communities that contribute to the steadily increasing global literature on Phylum Chaetognatha and the biological oceanography of the Leeuwin Current system.
